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The first two parts of 
this article dealt with 
the history, standard- 
ization, basic setup, 
and data transmission 
protocol of the Con- 
troller Area Network. 
In this third part, the 
attention is shifted to 
more practical 
aspects. It deals with 
a network interface 
bus design that can 
be connected to any 
Current microcon- 
troller system. 


By B vom Berg & P Groppe 
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INTRODUCTION 


Current Controller Area Network 
(CAN) interfaces consist basically of 
three chips as shown in the block dia- 
gram in Figure 9. All the micro-con- 
troller is required to do is to write the 
data bytes (0-8) to be transmitted into 
the CAN protocol IC, fill the identifier 
field and the DLC field, and set the 
RTR bit accordingly. The remainder of 
the process: 


* computing the CRC check sum; 





e adding the remaining fields; 

e accessing the bus; 

e transmitting the data; 

¢ detecting and remedying errors 
is effected by the CAN controller IC. 

The data are applied to the bus via 
the CAN transceiver IC that provides 
direct coupling to the bus. 

The microcontroller then receives a 
message confirming the successful 
transmitting of the data or an error 
message, following which requisite 
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action can be taken. 

More or less the same happens 
when data.are being received. The 
CAN controller receives the CAN 
frames from the bus via the CAN 
transceiver IC, rechecks the check sum, 
removes all superfluous fields from the 
frame and passes either the received 
data or an error message to the micro- 
controller. 

The reader will already have 
noticed that only a modest amount of 
material, hardware as well as software, 
is required for a CAN bus interface. 
Moreover, microcontrollers that con- 
tain a CAN controller on the same chip 
are already commercially available. 
Such a chip makes a two-stage CAN 
interface possible. 

Some more information is given in 
the following section before the design 
of a practical interface can be dis- 
cussed. 


ACCEPTANCE 
FILTERING 
We have seen in Part 2 that a Con- 
troller Area Network operating with 
standard frame format (CAN 20A) can 
process up to 2048 different identifiers. 
It is, of course, not necessary that each 
and every station linked to the bus can 
receive all data/remote frames. For 
instance, it may well be that for, say, 
Station K only frames with the identi- 
fiers 129, 1345, and 1999, are of interest 
and the other 2045 are of no conse- 
quence whatever. To avoid Station K 
receiving and processing all identifiers 
and passing them on to the microcon- 
troller (which has to recheck whether 
each and every identifier is to be 
accepted or rejected - a time consum- 
ing activity), some kind of selection fil- 
tering of identifiers to ensure that only 
those of interest are passed to the 
microcontroller is highly desirable. 

The selection of identifiers is called 
acceptance filtering. It allows the CAN 
controller chip to be programmed so 
that only frames with certain identi- 
fiers are passed to the microcontroller. 
All other frames are received and 
checked (incl. error correction), but not 
passed on. In this way, the microcon- 
troller is freed of many superfluous 
comparisons and can therefore more 
speedily process the required 
data/remote frames. 

There are two ICs that can be used 
for acceptance filtering. 


BasicCAN 

This IC has a simple filter that is, say, 
eight bits wide, which allows coarse 
pre-selection only. Normally, this con- 
sists of passing groups of identifiers, in, 
say, the range 700-707. Selection of a 
single identifier is not possible. This IC 
therefore requires the microcontroller 
to carry out a further selection to 
arrive at the wanted identifier. 
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Figure 9. Block diagram 
of a three-stage Con- 
troller Area Network 


Remote frames 
intended for the rele- 
vant station are also 
passed by the filter and applied to the 
microcontroller. It is only then that the 
microcontroller can generate the rele- 
vant response data and pass these to 
the CAN controller. 


design. 


FullCAN 
The FullCAN chip allows the exact 
programming and selecting of asingle 
identifier. In other words, it can be set 
to accept a single frame or a number 
of single frames, for instance, only 
those with identifier 798. 

The drawback of the IC is, how- 
ever, that a large number of frames 


(with different identi- 

fiers) are not passed 

on since the con- 
troller programme is fixed. 

Therefore, if many frames with dif- 
ferent identifiers are to be received it 
makes better sense to use a BasicCAN 
chip. It must be borne in mind, how- 
ever, that in this case the microcon- 
troller needs to carry out a substantial 
part of the selection process and this 
in turn means that a more powerful 
microcontroller is needed. 

A beneficial property of the Full- 
CAN chip is that the microcontroller 
can program the response to a remote 
frame on to the CAN controller IC. 
When this IC receives a permissible 


Table 4: Brief parameters of interface 


CAN controller IC 


Microcontroller interface 


Type SJ A1000 (Philips Semiconductors) 


can be arranged for Intel or compatible and 


Motorola or compatible microcontrollers 


Mode of operation 1: 


pin-, hardware-, and software-compatible with 
PCA82C 200 


CAN 20A and 20B passive 
Standard frame format 

Data transfer rates up to 1 Mbps 
Acceptance filter BasicCAN 


Mode of operation 2: 


Extended and standard frame format 


Data transfer rates up to 1 Mbps 
CAN 20B capability 
Extended acceptance filter with BasicCAN 


properties 


Transceiver IC 


Compatible with ISO/DIS11898, high-speed CAN 


Data transfer rates up to 1 Mbps 
Internal protection against noise specific to motor 


vehicles 


Internal protection against short-circuits and ther- 


mal overload 


Non-powered nodes (stations) do not affect the 


bus 


Allows the design of Controller Area Networks with 
up to 110 nodes 
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remote frame for the relevant station, 
it can send the response data frame 
without intervention by the micro- 
controller. 

With the inexorable progress of the 
technology, the differences between 
the BasicCAN and FullCAN chips are 
becoming less defined. Also, FullCAN 
chips are becoming more powerful, so 
that they can select larger numbers of 
individual identifiers and can store 
more data registers. State-of-the-art 
CAN controller chips can switch 
between the two modes of operation 
by means of software. 


COMPATIBILITY 
BETWEEN 20A AND 20B 
As we have seen during the discussion 
of the frame formats (Part 2), there is 
a Standard Format with 11-bit identi- 
fiers and an Extended Format with 
2%bit identifiers. Great care must be 
taken in choosing a CAN controller 
when both formats are used in a bus 
system (which is perfectly possible and 
permissible). 


Controllers with 20A capability 

These controller chips can process 
standard frames only and generate an 
error message when an extended 
frame message is received. Since this 
could bring the whole system to a 
standstill, these controllers can be used 
only in systems that operate with stan- 
dard frames. 


Controllers with 20A capability and 20B 
passive properties 

These chips accept extended frames 
with 2%bit identifiers, carry out an 
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Figure 10. Circuit diagram of the 
CAN bus interface. 


error test, and respond with 
and ACK bit or an error frame. 
Although the communication is not 
disturbed, the received extended- 
frame data are not stored or passed on, 
since the chips are intended for pro- 
cessing frames in standard format 
only. Nevertheless, these controllers 
are perfectly all right for use in hybrid 
systems. 


F 


Controllers with 20B capability 

These controllers process, store, and 
pass on, standard-format as well as 
extended-format frames. 

When a dedsion has to be made on 
the purchase of a CAN controller or 
microcontroller with on-chip CAN 
controller, there is such a wide choice 
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that it really pays to visit the Internet 
Home pages of producers like Hitachi, 
Intel, Motorola, NSC, Philips, SGS, 
Siemens, and Temic, and Texas Instru- 
ments to name but a few. 


CAN BUS INTERFACE 
After the lengthy discussions on the- 
ory and basic principles, the practical 
design of a CAN bus interface can now 
be described in relatively few words. 

The circuit diagram of the interface 
is shown in Figure9 and a suitable 
printed-drcuit board in Figure 10. Brief 
parameters of the interface are given 
in Table 4. 

The CAN controller, IC}, is a Type 
SJA1000, whose internal block 
schematic is shown in Figure 11. This 
chip is the successor of the PCA82C200 
with which, in operating mode 1, it is 
pin-, hardware-, and software-com- 
patible. 

The interface with the microcon- 
troller can be arranged for use with 
either a Motorola or an Intel chip (or 
compatible types). 

The CAN transceiver, IC4, is a Type 
PCA82C250. 

The microcontroller is linked to the 
CAN bus interface by a length of flat- 
cable, which should be not longer than 
10cm (4in), terminated into 16-pin 
header K>. The pin connections of this 
connector are given in Table 5. 

Via this link the microcontroller 
exchanges operating data, control data, 
and status data, with the CAN con- 
troller. These data are processed by the 
controller both in the send and receive 
directions. The microcontroller there- 
fore ‘sees’ the CAN controller as an 
extension to its memory to which it 
writes operating data to be transmit- 
ted, or from which it extracts received 
operating data. 

The clock frequency, which is 
divided in several stages, can be mea- 
sured at test pin TP for example, when 
it is to be ascertained whether the con- 
troller can be accessed and pro- 
grammed safely. 

The serial output signal at pin 13 of 
the controller is applied to pin 1 of the 
transceiver via optoisolator |C>. The 
transceiver generates the standard 
CAN bus signals which are available at 
its pins 6 and 7. These signals are 
impressed upon unshielded twisted- 
pair (UTP) copper wires via connectors 
Ky and K2. 

The signal received from the bus 
arrives at pin 4 of the transceiver from 
where it is applied to pin 19 of the con- 
troller via optoisolator 1C;. The con- 
troller converts the received bits and 
processes them in accordance with the 
relevant CAN protocol. The received 
signal is finally fed to the microcon- 
troller where it is analysed. 

Optoisolators IC; and IC>, and 5V 
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Figure 11. Printed-cir- 
cuit board for the CAN 
bus interface. 


Parts list 


Resistors: 
Ry-Ry = 390 Q 
Rs, Rg = see text 
R7 = 47 kQ 

Rg = 120 Q 


Capacitors: 

C1-C3, Ce-Cg = 0.1 uF, ceramic 
Cy, Cs = 22 pF, ceramic 

Cg = 10 pF, 16 V, radial 


Integrated circuits: 
IC}, IC> = 6N137 
IC3 = SJ A1000 

IC, = PCA82C250 


IC5 = NMV505SA (Newport/Farnell) 


Miscellaneous: 

Xı = 16 MHz quartz crystal 

Ky, K2 = 9-way D connector, right 
angled, for board mounting 

K3 = 16-way header, right-angled, for 
board mounting, with interlock 

J P>,J P4 = 2-way, 2.54 mm pin strip 
and pin jumper (Maplin) 

J P3,J Pir) Pi = 3-way, 2.54 mm pin 
strip and pin jumper (Maplin) 

PCB Order no 990066-1 (see Read- 
ers’ Services section toward the 
end of this issue) 





DC/DC inverter ICs, effectively isolate 
the microcontroller and bus sections of 
the node (station). The arrange-ment 
ensures that any faulty or uncertain 
signals on the UTP wires, although 
applied to the transceiver, cannot dam- 
age the microcontroller section and fol- 
lowing system. 
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It is, of course, possible to build the 
interface without the isolating stages, 
so that Ry-Ry, C1-C3 IC1-lC3, ICs, and 
JP3-JP2 can be omitted. The supply 
line terminals as well as the send and 
receive pins on IC3 and IC, must then 
be interlinked as appropriate. It must 
be borne in mind, of course, that faulty 


23 

































































Table 5: Pin connections of header K3 
Pin Designation Function 
1 D7 
3 D6 
5 D5 
7 D4 
9 D3 
11 D2 
13 D1 
15 DO 
2 +5V positive supply line 
4 WR\ Write\ signal 
6 RD\ Read\ signal 
8 CS\ Chip-Select\ signal 
10 ALE Address latch enable signal 
12 INT\ Interrupt\ signal 
14 RST\ Reset\ signal 
16 GND Earth connection 








signals on the UTP lines are then 
applied unimpeded to the microcon- 
troller section. 

Jumpers JPi1, JPiz, and JP2-JPq 
must be arranged as follows. 


JPa1,JP12 
These jumpers (marked * on the PCB) 
determine how the supply voltage is 
applied to the interface and the micro- 
controller system. With these jumpers 
set as shown in Figure 10, electrical iso- 
lation is provided and the supply volt- 
age to the bus section (ICj, IC3, 1C4) is 
via ICs. 

In the other position of the 
jumpers, there is no electrical isolation, 
and all stages are supplied directly via 
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ALE/AS, CS, 
RD/E, WR, 
CLKOUT, 
MODE, INT 


AD7 to ADO 


the 0 and +U, terminals. 

An alternative in the latter case is 
the provision of supply voltage via 
two lines in parallel with the UTP 
wires and connecting these to pins 6 
and 9 of K> and Kj respectively. 

If the jumpers are left open, there 
is electrical isolation, and the bus sec- 
tion is then powered via pins 6 and 9 
of Kz and K respectively. 


JP» 

When JP» is shorted, bus terminating 
resistor Rg is connected between pins 
6 and 7 of the transceiver. It must be 
borne in mind that only two bus ter- 
minators must be used, one at the 
beginning and one at the end of the 
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RST 


UTP wires. Since more terminating 
resistors (at other nodes) will bein par- 
allel with these two, they lead to a 
reduction in total terminating resis- 
tance, which results in a higher output 
current from the transceiver and this 
in turn can lead to thermal overload 
and damage or destruction of the chip. 


JP3 

This jumper must be set according to 
which microcontroller interface is 
used. The position shown in Figure 10 
(pin 11 of IC3 at +5V) and marked ‘0’ 
on the PCB allows Intel processors/ 
controllers or compatible chips to be 
used. 

When the jumper is placed in the 
other position (pin 11 of IC3 at OV), 
Motorola processors/controllers or 
compatible chips may be used. 


JP4 

This jumper, or rather resistor Ry, 
determines the slope of the edges of 
the pulses at the CAN bus. 

In the case of high data transfer 
rates (up to 1Mbps), steep-sloped 
edges are essential, but these lead to 
the risk of a large noise spectrum 
being generated by the CAN pulses. 
This noise can only be negated by the 
use of shielded twisted pair (STP) 
wires. The jumper must be used, 
thereby shorting out resistor R7. 

With low data transfer rates (up to 
125 Kbps) the edges of the pulses need 
not be steep. This results in a narrow 
noise spectrum being caused by the 
CAN pulses, so that UTP (unshielded 
twisted pair) wires can be used. 
Jumper JP, must not be placed. 


This concludes the description of the 


Vpp1 

Vgsi hardware for the CAN bus interface. 
A forthcoming article will deal with 
the connection of the CAN bus toa 
microcontroller system and its 

R application in an experimental 

Wega CAN bus system. 

TXO 

TX1 [990066] 

RXO. 

RX1 

Vss2 

VDD2 


Figure 12. Block dia- 
gram of the internal 
arrangement of the 
Type SJ A1000 Con- 
troller Area Network IC. 
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